Pseudomonas aeruginosa Al 3 was able to grow in medium containing acetanilide (N-phenylacetamide) as a carbon source when NH4+ was the nitrogen source but not when urea was the nitrogen source. AIU mutants isolated from strain Al 3 grew on either medium. Urease levels in bacteria grown in the presence of urea were 10-fold lower when NH4, or acetanilide was also in the medium, but there were no apparent differences in urease or its synthesis between strain Al 3 and mutant AIU 1N. The first metabolic step in the acetanilide utilization is catalyzed by an amidase. Amidases in several AIU strains showed altered physicochemical properties. Urea inhibited amidase in a time-dependent reaction, but the rates of the inhibitory reaction with amidases from the AIU mutants were slower than with Al 3 amidase. The purified amidase from AIU 1N showed a marked difference in its pH/activity profile from that obtained with purified Al 3 amidase. These observations indicate that the ability of strain AIU 1N and the other mutants to grow on acetanilide/ urea medium is associated with a mutation in the amidase structural gene; this was confirmed for strain AIU IN by transduction.
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The amidase (acylamide amidohydrolase, EC 3.5.1.4) from Pseudomonas aeruginosa catalyzes the hydrolysis of aliphatic amides to give the corresponding acid and ammonia. Substrates for this enzyme are the short-chain aliphatic amides formamide, acetamide, and propionamide, higher-molecular-weight amides being poor substrates (9) . Strain Al 3 is a mutant constitutive for amidase synthesis and is able to utilize acetanilide as the sole carbon source for growth. Strain Al 3 produces an altered amidase with increased activity towards acetanilide compared with that of the wild-type enzyme (4) . Thus, growth of this strain on acetanilide occurs because the altered amidase it produces catalyzes the hydrolysis of acetanilide to acetate and aniline:
( ' } I 3 \ t 6II," CIL() OI t 11,N Acetate serves as a growth substrate, but neither the nitrogen nor the carbon of the aniline molecule is available to the organism. In the original medium used to select strain Al 3, nitrogen was supplied as NH4+. We MATERIALS AND METHODS
Organisms. The parent P. aeruginosa strain used in our studies was Al 3. Strain Al 3 is constitutive 378 GREGORIOU, BROWN, AND TATA for the production of an altered amidase with increased activity towards acetanilide; it was selected from strain L 10, which is magno-constitutive for the synthesis of wild-type amidase (4). The amidasenegative strain RT lAm 21 was selected from strain RT 1 by the fluoroacetamide method of Clarke and Tata (5) ; it gives partial cross-reaction with antiserum to wild-type amidase and has a low rate (ca. 1 in 101) of spontaneous reversion to amidase positive. RT 1 is an acetanilide-utilizing mutant isolated from L 100 (a strain magno-constitutive for wildtype amidase) after ICR 191E mutagenesis (P. R. Brown, A. Heaton, and R. Tata, unpublished data).
Bacteriophage and transduction. Lysates of bacteriophage F 116 (8) were prepared and transduction was performed as described by Brammar et al. (2) .
Media. All media were prepared from minimal salts medium (1) with or without 0.1% (NH4)2SO4 (NH4+) as indicated in the text. Solid media contained 1% Difco Noble Agar. Potassium lactate (0.3%) and sodium succinate (0.3%) were autoclaved with the medium. Other carbon and nitrogen sources were added aseptically to the autoclaved medium at the concentrations shown: acetanilide Al, 0.1%; formamide, 0.1%; acetamide, 0.1%; urea (U), normally 0.05%, except in AI/5U medium where it was supplied at 0.25%.
Isolation of AIU mutants. Strain Al 3 was grown overnight in 5 ml of nutrient broth and suspended in 5 ml of dilution buffer (2), and 0.1-ml samples were plated on Al/U medium. Mutagenesis with Nmethyl-N'-nitro-N-nitrosoguanidine was effected by placing a few crystals of nitrosoguanidine in the center of the plate. Mutant colonies were picked off after 6 days of incubation at 37°C, grown overnight in nutrient broth, and reisolated as single colonies by diluting and plating on Al/U medium. Mutant AI5U 1N was obtained after nitrosoguanidine mutagenesis of strain Al 3 on AI/5U medium.
Bacterial extracts. Extracts were prepared in 0.05 M tris(hydroxymethyl)aminomethane (Tris) buffer (pH 7.2) as described previously (3) . Protein was estimated by the method of Lowry et al. (11) , with bovine serum albumin as a standard.
Enzyme assays. Amidase activity was assayed by adding enzyme to 1.0 ml of 0.5 mM 4-NO2-acetanilide in 0.05 M Tris buffer (pH 7.2) at 37°C and following the formation of 4-NO2-aniline at 400 nm in an SP 800 recording spectrophotometer (Unicam Instruments Ltd.). Urease activity was assayed by adding enzyme to 1 ml of 20 mM urea in 0.05 M Tris buffer (pH 7.2) at 37TC; 0.1-ml portions were removed at timed intervals and assayed for ammonia by the ninhydrin method described previously (3) .
Amidase purification. Amidases from strains Al 3 and AIU IN were purified from cells grown in 20 liters of lactate/NH4, medium, using the method described previously (3) for purifying wild-type amidase but omitting the heat treatment step. Center fractions from the amidase peak eluted from the diethylaminoethyl-Sephadex column were bulked, concentrated by ultrafiltration, and further purified by fractionating 2- Chemicals. Urea was Aristar grade from BDH. 4-NO2-acetanilide (BDH) was recrystallized twice from ethanol. Other amides were recrystallized as described previously (3) . RESULTS AIU mutants. Twenty-three mutants growing on Al/U medium were selected for further study. The spontaneous mutants were labeled AIU 1 through 6; those obtained after nitrosoguanidine mutagenesis were labeled AIU IN through AIU 17N. Of these strains, the one we studied most extensively was AIU IN. Strain AI5U IN is a nitrosoguanidine-induced mutant selected on AI/5U medium. All of these strains produced clearly visible colonies on Al/ U medium after 48 h of incubation at 37°C. Only strain A15U 1N grew on AI/5U medium. Strain Al 3 produced no visible growth on Al/ U or Al/5U medium. Strain Al 3 produced no visible growth on Al/U or Al/5U medium even after prolonged incubation.
Growth properties of strain Al 3. The growth properties of strain Al 3 on a variety of solid media were examined to investigate whether the failure of strain Al 3 to grow on Al/U medium was due primarily to an inability to obtain nitrogen from urea or an inability to obtain carbon from acetanilide. The media used and the growth properties of strains Al 3 and AIU 1N are shown in Table 1 (not shown) were obtained with strain L 10, the parent of strain Al 3 (producing wild-type amidase), and GN 8, an amidase-negative strain. Urease activity was insensitive to avidin (100 gg/ml) in the assay mixture, indicating that the enzyme was not a biotin-dependent urea amidohydrolase (7) . The effect of growth conditions on the level of urease activity was investigated by measuring urease activities in extracts of strains Al 3 and AIU 1N grown overnight in lactate media containing various combinations of acetanilide, urea, and NH4+ (Table  3) . With urea alone as the nitrogen source, the specific urease activities were 10-fold higher than those obtained when either NH4' or acetanilide was also present in the medium. Since removal of low-molecular-weight material from the extracts by passage through a column of G-25 Sephadex left the relative urease activities unaffected, it seemed unlikely that the decreased urease activities were due to inhibition of enzyme activity by contaminating NH4+, or acetanilide. 1N were compared by the electrophoresis of extracts on Cellogel at pH 6.0 and 8.5. Amidase was detected by staining the gel for acetamidase activity. No differences in electrophoretic mobility between amidases from the two strains were observed. On the same gel, the mobilities for ureases produced by the two strains were compared. Urease moved more slowly than amidase at both pH values; there was no difference in urease mobilities between the two strains.
Immunological reactions of amidases. Extracts from mutant strains were tested by double diffusion in agar gels for reaction with antiserum to the purified Al 3 amidase. Each mutant gave a precipitin line that fused completely with the line given by an extract of strain Al 3; no spurring was observed, so no structural differences between amidases were detectable by this method.
Heat inactivation of amidases. Wild-type amidase is stable at 60CC for 10 min, but Al 3 amidase loses 40% of its activity under these conditions (4) . The heat stabilities of amidases from several mutants were compared with that of Al 3 amidase at 57 and 62°C by using extracts as a source of enzyme.Heat inactivation was an apparent first-order process ( Fig. 1 shows a typical semilog plot), and results comparing the rates of inactivation are given as first-order rate constants in Table 4 . These data indicated that in some strains amidase was more heat labile than in strain Al 3; however, in some mutants, including AIU IN, no difference was detectable. Where differences were observed, they indicated structural changes in the amidases; however, since these experiments were (10) had found for the wild-type enzyme. We, however, discovered that the inhibition was time dependent. Typical time courses for inhibition of amidase activity in extracts of Al 3 and two mutants, AIU 1N and AI5U 1N, by 1 mM urea are shown in Fig. 2 . The inhibition rates were dependent on urea concentration, but it was striking that for a given concentration of urea all of the mutants tested gave slower rates of inactivation than did strain Al 3. Plots of ln (u,1uo) against time were essentially linear over 10 min; so for convenience in comparing results for strain Al 3 and the mutants, the inactivation rates have been expressed, on the basis of the slope of the semilog plot, as T1,2 values, where T1,2 is the time taken to inhibit enzyme activity by 50%. T112 values obtained for Al 3 extract and a selection of mutants all at the same protein concentrations are given in Table  5 . In mutant AI5U 1N, which had been selected on AI/5U medium containing five times the urea concentration used for isolating the other mutants, amidase showed notably greater resistance to urea inhibition than in all the other mutants tested. In contrast the wild-type amidase from strain L 10 showed greater sensitivity to urea inhibition than did strain Al 3 amidase.
Although the extracts were prepared from cells grown in lactate/NH4+ medium in which urease activity was repressed, it was difficult to ascertain the possible influence of the presence of a low level of urease on the time course of amidase inhibition by urea. To eliminate this and to establish that the observed effects were directly related to the properties of the amidases, the effect of urea on purified amidases from strain AI 3 and one of the mutants, That a similar explanation accounts for the growth of all the AIU mutants on Al/U medium has not been formally proven; however, since all show some evidence for the production of altered amidases, it does seem likely that in every case a structural change in the amidase reducing the rate of reaction with urea has occurred. An alternative mechanism for survival on this medium might be through the production of high urease levels, and we are screening new mutants for this property. Since many of the amidases of the mutant strains examined displayed different sets of properties, it would seem that any one of several amino acid substitutions can fulfil the twin requirements of reducing affinity for urea while conserving catalytic activity towards acetanilide. A feature that all mutants have in common is a reduced ability to grow on succinate/formamide medium, which is indirect evidence that all of them produce amidases with reduced activity towards formamide. This was established with the purified AIU 1N amidase for which no formamidase activity was detectable. The association between reduced activity towards formamide and reduced affinity for urea and the close structural similarities between these two compounds suggest that urea and formamide interact with amidase at the same site. Detailed studies of the reactions of the Al 3 and AIU IN amidases with urea and related compounds will be published elsewhere (Gregoriou and Brown, in preparation).
